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comprising specific amounts of units derived respectively
from (a) a styrene-type monomer, (b} a {(meth)acrylonitrile
monomer and/or (meth)acrylic ester type monomer and {(c) a
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number average molecular weight fall within their respective
specific ranges and the amount of the phenylmaleimide-type
monomer still remaining in the copolymer is below a certain
specific concentration.
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Title of the I fion:

Transparent Heat-Resistant Styrene-Base

Copolymer

Tﬁis invention relates a novel transparent
styrene-base copolymer having excellent heat

resistance.

2+-—Pescription—cf—the—Prier—fact-

Polystyrene has conventionally been ehployed as
a moldable and faﬁricable material having excellent
transparency and mechanical strength. 1Its use at
elevated temperatures however encounters problems since
it is inferior in heat resistance. It has hence been
desired to improve its heat resistance.

If improved heat resistance is the sole object,
this can be achieved to a certain extent by copolyme-
rizing maleic anhydride with styrene (see, for example,
Japanese Patent Publication No. 40970/1983). Styrene-
maleic anhydride copolymers however have insufficient
stability upon their molding or fabrication. They thus
involve a problem that they undergo decomposition,

gelation and the like when their molding or fabrication
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temperatures become higher. There is hence an
outstanding demand for further improvements.

.U.S. Patent No. 3,766,142 discloses a copolymer
composed of 25 - 90 mole % of acrylonitrile, 1 - 25
molei%'oﬁ an N-arylmaleimide and the remainder of an

ethylenically unsaturated monomer. Where the

ethylenically unsaturateé monomer is an aromatic
olefin, fﬁe molar ratio of the aromatic olefin to
acrflonitrilé is disciésed to fail within a range-of
0.5 - 4. Therabove U.S. patent discloses, in Example
33, that a terpolymér capable of providing a trans-—
parent plaque was obtained by subjecting acrylonitrile,
styrene and N—o-chlorophenylmaleimide to emulsion
polymerization.

Copolymers obtained in accordance with the above
U.S. patent are however still insufficient in
transparency.

U.S. Patent No. 3,676,404 discloses copolymers
each of which is composed of 80 - 95 wt.% of methyl
methacrylate unit, 5 - 20 wt.% of an N-arylmaleimide
unit and 0 - 15 wt.% of a unit derived from any other
ethylenically unsaturated copolymerizable compound
(e.g., styrene unit or the like). These copolymers are
described as having transparency and strength and as

being suitable especially for the molding of various
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articles which are exposed to relatively high
environment temperatures.,
These copolymers are however still insufficient

in transparency.

An object of this invention is to provide a -
novel styrene-base copolymer excellent in both
transparency and heat resistance.

The presént inventors have found that among
styrene-base copolymers containing N-phenylmaleimide
monomers, those having specific monomer compositions
and Mw/Mn ratios, Mw being their weight average
moleculér wéighﬁs and Mn their number average molecular
weights, within a particular range are resins excellent
in heat resistance, mechanical strength and
transparency.

The present invention therefore provides a
transparent heat-resistant styrene-base copolymer
comprising (a) 30 - 80 parts by weight of a unit
derived from a styrene-type monomer, (b) 5 - 70 parts
by weight of a unit derived from a (meth)acrylo-
nitrile monomer and/or a unit derived from a (meth)-
acrylic ester type monomer and (c) 2 - 25 parts by

weight of a unit derived from a phenylmaleimide-—type
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copolymer, wherein:

(1) the weight ratio (b)/(c) is at least 0.3;
(2) the ratio of the weightraverage molecular
weight Mw of the copolymer to the numbe£
avérage molecular wéiéht Mn-&f the | .
copolymer in the copolymer, Mw/Mn, is 1.8 -
3.0; and _
(3) the amount of the phenylmaleimide-type
monomer still remaining in the copolymer is

not more than 0.2 wt.%.

-  led : — f tne T ;

The term "styrene—tﬁpe monomer™ as used herein
means styrene or its derivative. It may include, for
example, styrene, a-methylstyrene, o-methylstyrene,
m—methylstyrene, p-methylstyrene, ring-, o— or 8-
substituted bromostyrene, t-butylstyrene or chloro-
styrene, with styrene or a-methylstyrene being
particularly preferred. They may be used either singly
or in combination.

By the term "(meth)acrylonitrile monomer® as
used herein is meant acrylonitrile or methacrylo-

nitrile. They may be used either singly or in

combination.
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The term "(meth)acrylic ester type monomer" as
used herein means an alkyl acrylate or methacrylate.

It may preferably mean a C1—10 alkyl ester of acrylic

or methacrylic acid such as methyl acrylate, ethyl

:'acrylate,-etﬁyl methacrylate or éyclohexyl-methacry-

- late. Amohg~the§ey‘meﬁhyl methacrylate, methyl

ag:&late or ethyl acrylate is preferred. They may be
used eithef_éingly or in combination. _
- _ Qﬂ tﬂe ofﬁér'ﬁénd,'the term "phenylmaleimide-
type monomer” as used herein means an N-phenyl
maleimide substituted by a substituted or unsubstituted _
phenyl group at the N-position thereof, such as
N~-phenylmaleimide, N-orthomethylphenylmaleimide,
N-orthochlorophenylmaleimide or N~-orthomethoxyphenyl-
maleimide, or a derivative thereof. Among these;
N-phenylmaleimide, N-orthochlorophenylmaleimide and
N-orthomethoxymaleimide are preferred. For reducing
the yellowness of resins, ortho-substituted phenyl-
maleimides such as N-orthochlorophenylmaleimide and
N-orthomethoxymaleimide are preferred. They may be
used either singly or in combination.

The relative proportions of the units derived
from the respective monomers, which make up the
copolymer of this invention, are (a) 30 - 80,
preferably 40 - 70 parts by weight of the unit derived

from the styrene-type monomer, (b) 5 - 70, preferably



-6 -~ 0204548

10 - 60, most preferably 15 - 40 parts by weight of the
unit derived from the (meth)acrylonitrile monomer
and/or the unit derived from the {methlacrylic ester
type monomer and (c) 2 - 25 parts by weight, preferably
5 10 - 20 pafté by weight.df the unit derived form the
‘@hehylm;leiﬁgae-typermdn&@eréiall based on 100 parts by
—&eight‘bf the c§polymer;;
- If the unit derived from the styrene-type
monomer is céﬁtéinéd in ény.émount lesé_than 30 parts
10 by weight, the resulting copolymer has low heat
resistance. Any amounts greater than 80 parts by
weight-leéd to copolymers having poor mechanical
strquth. If the unit derived from the (meth)acrylo-
nitrile monomer and/or the unit derived from the
15 {meth)acrylic ester ﬁype monomer is used in any amount
smaller than 5 parts by weight, the resulting copolymer
has poor mechanical strength. Any amounts in excess of
70 parts-by weight however result in reduced heat
resistance. No particular limitation is imposed on the
20 relative proportions of the unit derived from the
(meth)acrylonitrile monomer and that derived from the
(meth)acrylic ester type monomer. Their relative
proportions may be suitably determined depending what
end use will be made. Needless to say, either one of
25 these units may be used singly without encountering any

problems or inconvenience.
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If the proportion of the unit derived from the

phenylmaleimide-type monomer is lower than 2 parts by

'weight, the resulting copolymer has low heat

resistance. However, any amounts greater.than 25 parts

by weight lead to reddced,ﬁechanigal strength.

_ The weight ratio (b)/(c) is at-least 0.3,

_preferably -at leasi_o.ﬁ, most preferably at least 1.2.

This .ratio is important in assuring'good mechanica;
strength to the resultant'product. If the fati8‘<
(b)/(c) is smaller than 0.3, the resultant copolymer
has low tensile strength and Izod impact strength. 'It.
therefore develops such problems as cracks by impact
upon molding or fabrication of the copolymer or upon
use of molded articles in actual applications.

The content of the unreacted phenylmaleimide
still remaining in 100 parts by weight of the
copolymerized resin composition of this invention must
be 0.2 part by weight or lower. Any contents greater
than 0.2 part by weight lead not only to reduced heat
resistance but also to cumulative sticking of the
phenylmaleimide-type monomer on the inner walls and
vent of a mold, thereby causing stain on the surfaces
of molded or fabricated articles or making it difficult
to continue stable molding or fabrication. Besides,
the occurrence of die line becomes remarkable in

extrusion molding or fabrication. Namely, the
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remaining phenylmaleimide-type monomer gives extremely
serious deleterious effects to molding or fabrication
work than the styrene~-type monomer, (meth)acrylonitrile

monomer or {(meth)acrylic ester type monomer which is:

‘routinely- employed.

Incidentally, ohe or more menoherjcomponents.
other than the aforementioned monomers and copolymeri-
zable with them mayralso be copolymerized in the
cépolymer of this invention provided that tﬂeir
contents are limited within such ranges as not
impairing the properties of the copolymer of this
invention.

In the copolymer of the present invention, the
Mw/Mn ratio in which Mw means the weight average
molecular weighé and Mn denotes the number average
molecular weight must be maintained within 1.8 - 3.0,
preferably 2.0 - 2.7.

In the présent invention, these molecular
weights are determined by measuring them in accordance
with gel permeation chromatography (hereinafter
abbreviated as "GPC") in the same manner as in the
measurement of molecular weights of usual styrene
homopolymers and then converting the measuarement
results based on the measurement result obtained with
respect to the standard polystyrene. In the present

invention, GPC is effected by using tetrahydrofuran as
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a solvent and each molecular weight is calculated by
rounding off any values smaller than 1,000.

The ratio Mw/Mn within the above-described
numeral range can generally be'aftained_by choosing

suitable conditions, for example, by optimizing the

state of mixing of the individual monomers_in a-

reaction vessel (e.g., the type of the réaction vessel

"to be employed, stirring conditidns,.positional

relationship between the feedihg inigts fér the
monomers and the outlet for the withdrawal of the
polymerization mixture in the reaction vessél, etc.),
using the continuous polymerization process, and
minimizing the polymerization in the course of from the
polymerization reactor to an equipment for-the
separation and removal of volatile coﬁponents and the
crosslinking and decomposition of the resultant
copolymer in the equipment for the separation and
removal of volatile components.

If the Mw/Mn ratio exceeds 3.0, the resulting
copolymer has poor transparency even if the composition
of the copolymer satisfies the above-described
requirement. On the other hand, it has been found, by

an investigation conducted by the present inventors, to
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be difficult to control the Mw/Mn ratio smaller than

1.8 in usual industrial processes.

Copolymers of this invention have no particular

. problems for their actual applications so long-as their

- monomer compositions and molecular weight ratios meet =

the'corresponding requirementé—descriﬁéq'above. It is *

however desirable from the viewpoint of mold smear and

sticking of guﬁ—like matter that less componenté afer
caused to dissolve-in methanol upon dissolufion oé a
copolymer in methyl ethyl ketone and subsegquent
reprecipitation of the copolymer in methanol, in other
words, the copolymer contains less methanol-soluble
components. It is especially desirable that the total
content of methanol-soluble components is below 5 wt.$%.

As an exemplary preparation process of a
styrene—-base copolymer composed of monomers in the
above-specified composition and having an Mw/Mn (Mw:
weight average molecular ﬁeight; Mn: number average
molecular weight) ratio with the above-specified range,
the following process may be mentioned.

A monomer mixture composed, for example, of 15 -

90 parts by weight of a styrene-type monomer, 2 - 70

parts by weight of a (methlacrylonitrile monomer and/or

a (meth)acrylic ester type monomer, 1 - 20 parts by
weight of a phenylmaleimide-~type monomer and if

necessary, 0 - 30 parts by weight of one or more



10

15

20

25

- - 0204548

monomers copolymerizable with the afore-mentioned
monomers is fed to an apparatus in which a complete-
mixing vessel-type reactor ana an equipment for the
separation and removal of volatile components are
connected in series, whereby a styrene-base cppqumer-‘
is prepared continuously. By éffepting the polymgrizs;;
tion in such'almanner that the ratio of the céntené (y.
wt.%) of the phenylmaleimide-type-monomer copolymerized
in the resultant copolymer to the probortidn (?'wt.%).
in the monomer miitﬁre fed for the polymerization
reaction, i.e., ;he v/x ratio falls within a range of
0.9 - 4.0, preferably 1.3 - 2.0, the styrene-base
copolymer of this invention can be prepare efficiently.

The complete-mixing vessel-type reactorfemployed
in the above process is not necessarily limited to a
reactor of any specific type. It is however desirable
that the composition and temperature of the polymeri-
zation mixture are maintained substantially uniform at
every points in the reaction vessel. Although no
particular limitation is imposed on the number of
vessel(s) of the complete-mixing vessel-type reactor, 1
or 2 is preferred with 1 being especially preferred.

As the equipment for the separation and removal
of volatile components, an apparatus equipped with a
preheater, vacuum vessel and discharge pump or a vented

screw extruder may be mentioned as a typical example.
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An apparatus constructed of one preheater and one
vacuum vessel is preferably employed as such an

equipment for the separation and removal of volatile

. components. It is preferable to maintain the internal

- pressure at a low level in the inlgt zone of the -
“p:ehéé?ei, since use of a higher pressure tehds to
‘promote reactions at the inlet zone of the preheater
>§nd encounters difficulties in controlling the Mw/Mn

ratio.

The significance of the above-specified y/x
raiio will next be described. 1In general, the y/x
ratio decreases as the conversion of the
phenvyimaleimide~type monomer into the copolymer is
reduced and/or the overall conversion of the monomers,
which are subjected to the polymerizafion reaction,
into the copolymer is increases. It has however been
uncovered that if the y/x ratio is 0.9 or smaller, the
resulting copeolymer has an Mw/Mn ratio greater than 3.0
and its transparency is not sufficient, thereby failing
to obtain a copolymer having outstanding transparency,
even when the polymerization is conducted by using such
a reactor as described above. A y/X ratio greater than
1.3 is preferable in obtaining a copolymer having a
still smaller Mw/Mn ratio.

The y/x ratio becomes greater, for example, as

the overall conversion of monomers, which have been fed
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for a polymerization reaction, is rendered smaller. It
is thus possible to prepare a copolymer with an Mw/Mn

ratio of 3.0 or smaller even when the y/x ratio is 4 or

. greater. . It is however necessary to control -the

-overall conversion at a level lp@er:than 25% in this

case.- Under éuch'éonditidhg}_the heat congﬁmptiﬁq_{n
_the step for the sepa;ation-éﬁd remo§a1 of ﬁdiatile
coﬁponents and the labor for the rec&vefy of_un;gacté@;.-~
monomers become greater, thereby resuléing in a gfeater
energy loss and enlargement of equipment. Use of such
a large y/x ratio is therefore not preférable.' In some
instances, the resulting polymer is liable to undérgo
abnormal and excessive heating locally due to an
increased heat consumption in the removal step of
volatile components. As a result, the resultant
copolymer is locally colored in brown.

As an exemplary method for maintaining the y/x
ratio at a larger level, it is preferable to conduct
the polymerization, in addition to the above-described
conditions, by optimizing the positional relationship
between the raw material inlet and polymerizaﬁion
mixture outlet in the complete-mixing vessel-type
reactor, namely, providing the inlet and outlet in
positional relationship as remote as possible,

minimizing the polymerization from the discharge

through the outlet of the reactor until the completion
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of its treatment in the equipment for the separation
and removal of volatile components, or adjusting the
mixing time in the reactor in accordance with the feed

rates of the raw material monomers. For example, the

miXing.fime may preferably be shortengd as the feed

rates of the raw material monomers are increased.

The term "mixing time in the compiéte—mixiﬁg
vessel™ as used:-herein means the time Tm requiredruniil
the difference between the concentration of a labelling
material in a sampled pblymerization mixture and its
corresponding theoretical mixing concentration falls'
within 5%, when a solution of 1 poise or so is
introduced and agitated in a reactor, a solution of a
specific amount of the labelling material (dye,
solvent) dissolved in another soclvent of a type
different from the former solvent is instantaneously
poured while maintaining the agitation, and the liquid
in the reaction vessel is thereafter sampled out little
by little periodically. 1In the preparation of usual
polystyrene, the mixing between a fresh supply of the
raw material and the reaction mixture in the
complete-mixing reaction vessel can be satisfactorily
performed so long as the average residence time 6 of
the reaction mixture in the vessel is 10 times the

mixing time Tm or longer. In the preparation of the
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styrene-base copolymer of this invention, it is also
preferable to set 6 at a value 10 times or longer, or
notably, 20 times or longer relative to Tm. In

addition to controlling the mixing time under the

above-mentioned conditions upon preparation of the

"styrene-base copolymer of this invention, it is also

preferable to conduct its preparation by suitably
combining the above-mentioned feeding method of the raw
materials, the withdrawing method of the reaétionr
mixture, etc. |

In the above-described polymerization process,
the feed solutioh of the monomer mixture may be charged
in portions or.may be additionally supplied in the
reactor. In some instances, the individual monomer
components may ﬁe separately charged in the reactor.
They may also be additionally supplied. Separately
from the styrene-~type monomer, a raw material solution
may be prepared from the phenylmaleimide monomer, the
(meth)acrylonitrile monomer or (meth)acrylic ester type
monomer and if necessary, a solvent. The raw material
solution may then be fed from an independent reservoir
separately from the styrene-type monomer. This is a
preferable method.

Upon preparation of the styrene-base copolymer

of this invention, a radical polymerization process
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making use of a radical polymerization initiator is

employed preferably.

As the radical polymerization initiator employed

here, a conventionally-known organic peroxide and azo

compound-may generally be mentioned. Its 1l0-hour

half—lifé"températﬁré,is 70°C - 120°C, preferably,

75°C - 100°C. The polymerization temperature is

70°C - 150°C, preferably, 90°C - 130°C.

Upon préctice of the polymerization reaction, a
conventional molecular weight modifier, a solvent and
the like may be added in the stage of the polymeriza-
tion reaction and if nécessary, a conventional
plasticizer, a stabilizer to heat, light and the like,
and a mold-release compound may also be added in
desired stages. .

The copolymers of this invention may be used
either singly or as mixtures with other resins such as
polycarbonates, ABS resin and AB resin.

The present invention will hereinafter be
described specifically by the following Examples.
Example 1l:

{i) Preparation of copolymer:

Into a single complete-mixing vessel-type

reactor, 105 parts of a mixture composed of 65 parts by

weight of styrene, 5 parts by weight of N-phenylmale-
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imide, 30 parts of methyl methacrylate and 5 parts of-
ethyl benzene and 5 parts of an ethylbenzene solution
containing 0.03 part of teft-butyl peroxy-2-ethyl-
hexanoate were continuously fed per hour by using
separate feed pumps .

_ Thé;:eactqr was-internaliy éqdippgd with drafted
sbrew-éype-aéiééting blades and in thé_inlet_ééne for 
the feed raw materiéls, with a turbine impeller. The-
rgvolutioﬁ speeds of both agitators were maintained at
150 rpm. Under these conditions, the mixing time was 3
minutes or shorter. The raw material inlets were
provided in a lower part of the vessel, and the
polymerization mixture was withdrawn from an upper part
of'the vessel. The withdrawal rate of the mixture was
110 parts by weight per hour, like the feed rate of the
monomers. The average residence time in the reactor
was set for 2 hours, while the reaction time was
maintained at 115°C. The polymerization mixture,
which had been withdrawn from the outlet of the vessel,
was continuously introduced through a double-walled
pipe with a jacket temperature of 110°C into an
equipment for the separation and removal of volatile
components, which was constructed of a preheater
equipped with a pressure control valve at the inlet

thereof and a vacuum vessel (a vessel for the removal
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of volatile components). The inlet of the preheater-
was maintained at a vacuum of 400 - 600 Torr, whereas
the vacuum vessel was held at 10 Torr. The resultant
copolymer was continuously withdrawn from a lower part

of the vacuum vessel- to obtain the copolymer as_

pellets. The mpnomér§ and ethylbenzene separéted ?roﬁiu .

the polymerization mixture were withdrawn from an upper

-part of the vacuum vessel. They were recovered in

their entirety in a reservoir which was maintained at

-5°C. The amount of the thus-recovered solution

(recovered solution) was 65 parts by weight per hour.
The ratio of the weight average molecular weight

Mw of the copolymer to its number average molecular

weight Mn, namely, Mw/Mn, was measured on the basis of

the method described above.
(ii) BAnalysis of the composition of the copolymer:
The recovered solution was analyzed by gas
chromatography and ligquid chromatography so as to
determine the relative proportions of the recovered
styrene, N-phenylmaleimide, methyl methacrylate and
ethyl benzene. The content of the unreacted N-phenyl-
maleimide remaining uncopolymerized in the copolymer
pellets was measured by dissolving the pellets in
methyl ethyl ketone, reprecipitating the copolymer in

methanol, removing the precipitate and then measuring
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the amount of N-pheylmaleimide contained in the
methanol. Besides, the amount of the methanol-
reprecipitated copolymer was also measured. Based on
its difference from the amount of the pellets employed
in thé éest, the amount of ﬁethanol—soluble components
were ééterm%ngd; ‘The amounts of methanol-soluble |
componéhts per 100 parts by weight of the corresponding
cdpolymers_gre shown_in Table 1.
- From the feed amounts of raw materials, the
amount of the recovered solution and results of
analysis on the composition of the recovered solution,
the composition of the individual monomers in the
copolymer was determined.
(iii) Evaluation of physiéal properties of copolymer:

The resultant copolymer was injection;molded at
a cylinder temperature of 230°C to determine its
physical properties. The evaluation of its physical
properties was conducted in accordance with the
following methods:

Heat resistance: Vicat softening point by ASTM

D~1525.
Mechanical strength: Izod impact strength and
tensile strength in
accordance with JIS K 6871.

Transparency: Haze by ASTM D-1925. Lower haze
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values are evaluated as higher
transparency.
Mold smear: The degree of smear of a mold was
observed after conducting injection
Vméléing 600 shots. The ‘evaluation
- wééimadé ;nt4-ranks ranging from
. smear-free good results to heavily-
‘smeared results in order. The
) resultsrare shown by ©, O, A and
X.

Color tone: Yellowness index by ASTM D-1925.

The reaction conditions, the analysis of the
composition of the copolymer and the evaluation results
of its physical properties are summarized in Table 1.
Examples 2 & 3:

The procedures of Example 1 were repeated except
that the composition of the monomers fed in the reactor
was changed as shown in Table 1. Test conditions and
results are given in Table 1.

Example 4:

The procedures of Example 1 were repeated except

" that N-orthochlorophenylmaleimide was used as a

phenylmaleimide-type monomer, the composition of the
monomers fed in the reactor was changed as shown in
Table 1 and the degree of vacuum in the vessel for the

removal of volatile components was changed to 25 Torr.

SRET—
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Test conditions and results are given in Table 1.
The resultant copolymer had a low yellowness

index and was hence excellent.

Example 5:

- The procedures of Example-l were repeated except

that styfene, acrylonitrile_and-prhenylmaleimide were:
used as starting honoméfs_in-their Eo;fesponding
proportions-shown in Table 1, 0.13 part of-t—dodecyl—
mercaptan was additionaliy incoréorated, the reaction
temperature was set at 120°C, the'éverage resideﬁce
time was controlled for 1 hour and the degree of vacuum
in the vessel for the removal of volatile components
was changed to 20 Torr. Test conditions and results are
given in Table l.

Examples 6:

The procedures of Example 1 were repeated except
that the composition of the monomers fed in the reactor
was changed as shown in Table 1. Test conditions and
results are given in Table 1.

Comparative Example 1l:

A copolymer outside the scope of the present
invention was prepared in the same manner as in Example
1 except that the composition of the monomers fed in
the reactor was changed as shown in Table 1. Test

conditions and results are given in Table 1.

The Izod impact strength and tensile strength
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were lower compared with the copolymer obtained in
Example 1.
Comparative Example 2:

In a vessel-type reactor provided with stirrer,
30 parts by weight of ethylbenzene, 65-parts by weight
of styrene and720.parts by weight_of égthy1 methacry-
late were charged. After heating khe coﬁt;ﬁts to
100°C with stirring, a solution of 0.13 parts bf
weight of l,1-bis(ter£-butylp§roxy)-3;5,S-trimethyl—
cylohexane dissolved in 5 parts by weigﬁt of
ethylbenzene was poured at once in the reactor.
Thereafter, while continuously feeding a liquid mixture
of 15 parts by weight of ethylbenzene, 10 parts by
weight of methyl methacrylate and 5 parts by weight of
phenylmaleimide to the reactor, they were polymerized
at 100°C for 3 hours, followed by further polymeriza-
tion at 110°C for 2 hours. The reaction mixture was
withdrawn from the reactor and maintained under vacuum
(10 — 5 Torr) in an oven of 210°C, thereby removing
volatile components. Test conditions and results are
éhown in Table 1.

The Mw/Mn ratio of the resultant copolymer was
3.4, which was outside the corresponding range defined
in the present invention. The copolymer had low
transparency.

The mold smear test was not conducted.
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Comparative Example 3:

The procedures of Example 1 were repeated except
that the degree of vacuum in the vessel for the removal
of volatile components was changed to 80 Torr. Test
COnéitions and results are given -in ?able 1.

.Tbejcohtent of the remaining phenylmaleimide was

high, and the mold smear was severe.

- Comparative Example 4:

.The procedures of Example 1 were repeated except
that the composition of the monomers fed in the reactor
was éhanged as shown in Table 1. Test conditions and
results are given in Table 1.

The resultant copolymer contained the methyl
methacrylate unit in a high proportion and had a low
heat-resistant temperature. .

Comparative Example 5:

The procedures of Example 1 were repeated except
that the composition of the monomers fed in the reactor
was changed as shown in Table 1, the reaction
temperature was set at 120°C and the average residence
time was set for 1 hour. Test conditions and results
are given in Table 1.

The resultant copolymer contained the
phenylmaleimide-type monomer in a high proportion, and
its tensile strength and Izod impact strength were both

low.
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Comparative Example .6:

The précedures of Example 1 were repeated except
that the composition of the monomers fed in the reactor
was changed as shown in Table 1, the supply of

terf-butyl pefoxy-z-ethylhexanoate was omitted, the

] ?eaction_tempéfaturé'Waé set at 130°C and the average

residence time was set for 4 hour. Test conditions and
results are given in Table 1.
The_resultant copolymer .contained neither

acrylonitrile monomer nor acrylic ester type monomer

" and showed low tensile strength.

Compgrative Example:?:

A emulsion polymerization was initiated by
dispersing 20 parts by weight of acrylonitrile, 64
parts by weight of styrene, 10 parts of N-o-chloro- —
phenylmaleimide, 5 parts of sodium laurylsulfate and
0.25 part by weight of tert-dodecyl mercaptan in water.
The same amounts of the same monomers were added over
1/2 hour to the reaction mixture. The reaction was
terminated at a conversion of about 70%. After removal
of water and remaining monomers, the properties of the
resultant polymer were evaluated. Its transparency was

at a very low level and its haze was 11%. Its Mw/Mn

was 3.8.

ST
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As is understood from Table 1, the copolymers of
this invention have extremely high heat resistance,
transparency and mechanical strength, and hence have
great industrial values for their utility as
transparent and heat—resis@ant molaingrmaterials.
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What—is—aclgimed—igy- ClLaA1ms:

1. In a transparent heat-resistant styrene-base

copolymer comprising (a) 30 - 80 parts by weight of a

‘"unit derivéd from a styrene-type monomer, (b) 5 - 70-

parts gy weight of a.unit derived from a (meth)acrylo;
nitrile monomer and/or a unit de;ived from a (meté)- L
acrylic ester type monomer and {(c) 2 - 25 parts by
weight of a unit derived from a phenyimaleimide-type
monomer, all based on 100 parts by weight of the
copolymer, the improvement wherein:
(1) the weight ratio (b)/(c) is at least 0.3;
(2) the ratio of the weight average molecuiar
'weighﬁ Mw of the copolymer to the number
average molecular weight Mn of the
copolymer in the copolymer, Mw/Mn, is 1.8 -
3.0; and
(3) the amount of the phenylmaleimide-type
monomer still remaining in the copolymer is

not more than 0.2 wt.%.

2. A copolymer as claimed in Claim 1, wherein
the copolymer contains methanol-soluble matter in an

amount not more than 5 wt.%.

3. A copolymer as claimed in Claim 1, wherein
the copolymer comprises (a) 40 - 70 parts by weight of

the unit derived form the styrene-type monomer, (b) 10
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- 60 parts hy Qeight of the unit derived from the
(meth)acrylonitrile monomer and/or the unit derived

from the (meth)acrylic ester type monomer and (c) 10 -

.20 parts by weight of the'ﬁnit-derived—from the

phenylmaleimide-type mpéomer, all "based on 100 parts by -

weight of the copolymer. ) .0

4. K copolymer as claimed in Claim 3, wherein
the copolymer comprises 15 - 40 parﬁs by weight of the
unit derived from the (méth)acrYlonitrile monomer |
and/or the unit depived from,thé (meth)acrylic ester

type monomer.

5. A cépolymer as claimed in Claim 1, wherein
the styrene-type monomer is styrene,'a~methylstyrene,'
o-methylstyrene, m—-methylstyrene, p-methylstyrene,
ring-, a—- or R-substituted bromostyrene, t-butyl-

styrene or chlorostyrene,

6. A copolymer as claimed in Claim 5, wherein

the styrene-type monomer is styrene or o-methylstyrene.

7. A copolymer as claimed in Claim 1, wherein

the (meth)acrylic ester type monomer is a Cy_ alkyl

10
ester of acrylic acid or methacrylic acid.

8. A copolymer as claimed in Claim 7, wherein
the (meth)acrylic ester type monomer is methyl

acrylate, ethyl acrylate or methyl methacrylate.
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9. A copolymer as claimed in Claim 1, wherein
the phenylmaleimide-type monomer is an N-phenylmale-
imide substituted by a substituted or unsubstituted

phenyl group at the N;positioq.

10. A'copolfﬁer as claimed in Claim 9,_whéreig

the phenyl@aleimide4t¥pe4monomer is N-o-chlorqghenyl—::7

maleimide or N-o-methoxyphenylmaleimide.

11. A proceés for the preparation of a copolymer
as claimed in Claim 1, which comprises continuously
po;ymerizing a monomer mixture, which is composed of 15
— 90 parts-by weight of a styrene-type monomer, 2 - 70
pafts by weight of an acrylonitrile—-type monomer aﬁd/or
an acrylic ester type monomer, 1 - 20 parts by weight
of a phenylmaleimide-type monomer and 0 - 30 parts by
weight of a further monomer copolymerizable therewith,
at a temperature of 70 - 130°C in the presence of a
radical polymerization initiator while maintaining the
monomer mixture in a completely mixed state and then
removing volatile components from the resulting
reaction mixture, in which the ratio of the wt.$% amount
y of the phenylmaleimide-type monomer copolymerized
in the copolymer to the wt.3% amount x of the
phenylmaleimide-type monomer in the monomer mixture,

v/x, is 0.9 - 4.0.
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12. A process as claimed in Claim 11, wherein
the polymerization initiator has a 10-hours half-life

temperature of 70° - 120°C.

13. A procéss as claimed in Claim 11, wherein

the ra%io y/x is 1.3 - 2.0.
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